Objectives: This study's aim was to describe a hospital-wide system to deliver rapid door-to-balloon time across the entire spectrum of emergency percutaneous intervention. Background: Many patients needing emergency PCI are excluded from door-toballoon public reporting metric; these groups do not achieve door-to-balloon times 90 min and have increased mortality rates. Methods: We prospectively implemented a protocol for patients with STEMI or other emergency indication for catheterization mandating (1) emergency department physician or cardiologist activation of the catheterization lab and (2) immediate patient transfer to an immediately available catheterization lab by an in-house nursing transfer team. Catheterization and Cardiovascular Interventions 88: 678-689 (2016) (28%-85%, P < 0.0001). Mean infarct size decreased, as did hospital length-of-stay and admission total hospital costs. Acute myocardial infarction all-cause 30-day unadjusted mortality and risk-standardized mortality ratios were substantially lower than national averages. Conclusion: A hospital-wide systems approach applied across the entire spectrum of emergency PCI leads to rapid door-to-balloon time, reduced infarct size and hospitals costs, and low myocardial infarction 30-day all-cause mortality.
INTRODUCTION
The importance of time to reperfusion in primary percutaneous coronary intervention (PCI) for ST-elevation myocardial infarction (STEMI) has been clearly demonstrated with a powerful relationship between delays in door-to-balloon time and increased mortality [1] . Intense focus on door-to-balloon time by cardiologists and hospitals has led to a substantial increase in the proportion of STEMI patients with door-to-balloon times 90 min from 44.2% in 2005 to 91.4% in 2010 in a Medicare public reporting database [2] . The Medicare public reporting database, however, only includes a small minority of patients undergoing emergency percutaneous intervention (Fig. 1) . In one series, the public reporting measure only included 13% of STEMI patients as STEMI patients with an initial ECG without ST elevation and in-hospital and transfer STEMI patients are all excluded [3] . In addition, public reporting of door-to-balloon time has been associated with an increase in patients excluded due to "acceptable" nonsystem delays from 3.7% in 2005 to 8 .1% in 2010 [2] . Finally, many emergency percutaneous intervention patients with indications other than STelevation such as refractory unstable angina, NSTEMI, and cardiac arrest are not included within systems to improve door-to-balloon time. In contrast to improvements in the Medicare public reporting database, patients with reported nonsystem delays as well as in-hospital and transfer STEMI fail to achieve a median door-to-balloon time 90 min and have a substantially higher mortality [4] [5] [6] [7] . A comprehensive hospital-wide system to ensure timely reperfusion within 90 min in all emergency PCI patients is needed and may be a novel strategy to reduce myocardial infarction mortality. Therefore, we present the impact on door-to-balloon time and mortality of a strategy of emergency department physician or cardiologist one-call activation of the catheterization lab combined with immediate physical transfer of the patient to an immediately available catheterization lab by in-house nursing staff prospectively applied across the entire spectrum of emergency PCI.
METHODS Study Design and Protocol Description
This prospective study was conducted between October 1, 2004 and December 1, 2008 at St. Francis Hospital and Health Center (Beech Grove and Indianapolis, IN), a 591-bed tertiary care community hospital consisting of two campuses 7 miles apart. Details of the hospital system, the protocol during the historical control period (October 1, 2004-August 31, 2005) and characteristics of the enrolled patients during the historical control period have been previously reported [8] . Beginning September 1, 2005, we prospectively enrolled a consecutive series of patients with emergency catheterization lab activation irrespective of clinical indication, manner or timing of presentation, activating physician, or location within the hospital. We mandated the ED physicians to activate the catheterization lab for STEMI in the emergency department; cardiologists could activate the catheterization lab for any patient requiring emergent catheterization independent of indication (i.e., STEMI, refractory unstable angina, NSTEMI, cardiogenic shock, or cardiac arrest) or location (i.e., emergency department, inpatient floor, or intensive care unit; Fig. 2 ). The emergency department physician or cardiologist contacted the hospital operator to activate the catheterization lab. The operator subsequently paged the cardiology physician assistant, catheterization lab coordinator, and a critical care unit nurse during regular hours or the on-call cardiologist, interventional cardiologist, critical care unit nurse, chest pain unit nurse, and the on-call catheterization team during off-hours. Four catheterization staff members take home call during off-hours and are expected to arrive to the hospital within 30 min of laboratory activation.
Following catheterization lab activation, the in-house Emergency Heart Attack Response Team (EHART TM ), consisting of an emergency department nurse, a critical care unit nurse, and a chest pain unit nurse initiated a policy of immediate transfer of the patient to an immediately available catheterization lab. The critical care unit nurse proceeded to the patient's location and initiated a standard resuscitation order set with the emergency department or bedside nurse (if patient was not in the emergency department). The nurses then proceeded to immediately transfer the patient to the catheterization lab. The only exceptions to immediate transfer by the nursing staff included hemodynamic compromise (requiring vasopressors, temporary pacing, or balloon pump) and ongoing CPR; these patients were prepared for immediate transfer but transferred by the nursing staff with the cardiologist. The critical care unit nurse could administer dopamine or norepinephrine intravenous drips, perform defibrillation, and direct intubation by respiratory therapy all without prior physician approval in case of sustained hypotension or arrest. The Critical Care Unit modified the work requirements for the EHART TM nurse by assigning the nurse one patient instead of two patients.
To make the cath lab immediately available during regular hours, the catheterization lab coordinator identified a room and staff for the patient. The lab coordinator could remove an elective patient from the lab if the case had not started (defined as cardiologist fully scrubbed at bedside obtaining access). If all rooms were occupied with cases in progress, then the STEMI patient went to the first available room. Upon patient placement on the catheterization lab table, the Emergency Heart Attack Response Team members transferred the patient's nursing care to the catheterization team.
To make the cath lab immediately available during off-hours, the chest pain unit nurse proceeded to the catheterization lab, activated the catheterization lab imaging equipment, and confirmed that the temporary pacemaker, balloon pump, defibrillator, and activated clotting time machine were in working order. This individual subsequently assisted the critical care unit nurse and emergency department nurse in the initial setup of the patient including placement on the catheterization table, monitoring equipment setup, prepping of groins, and assistance with the sterile catheterization lab table. The emergency department nurse and critical care nurse monitored the patient until the third and fourth catheterization staff members arrived and subsequently transferred nursing care to the catheterization team. If the patient was unstable, all staff attended to the patient until safe transfer of care was possible.
For cath lab activations by emergency department (ED) physicians, all activities in the emergency department, during the transfer to the catheterization lab, and during initial setup in the catheterization lab did not require cardiologist presence or input. The cardiologist evaluated the patient and confirmed the appropriateness for emergency catheterization in the emergency department, en route to the catheterization lab, or in the catheterization lab. 
Study Endpoints and Statistical Analysis
Median door-to-balloon time was the primary endpoint and was defined as follows: [1] door-to-balloon time for primary emergency department patients, [2] first door-to-balloon time for transfer patients, [3] activating ECG-to-balloon time for patients without STelevation on first ECG and in-hospital, and [4] activation-to-balloon time for patients with activating indication other than STEMI. Secondary endpoints included the proportion of door-to-balloon times 90 min, infarct size measured by peak creatinine kinase within the first 24 hr [9] [10] [11] , hospital costs (total, direct, and indirect), and hospital length of stay. Hospital cost data reflect the actual costs involved in the delivery of care to each patient and were determined by the hospital's cost-accounting software (Alliance for Decision Support, Avega Health Systems. El Segundo, CA). Mortality was determined by hospital medical record review and via query of Social Security Death Index. Using a national mortality database, we analyzed 30-day all-cause unadjusted mortality and 30-day allcause risk-standardized mortality ratios for patients diagnosed with acute myocardial infarction for our hospital compared to national averages for the time periods Values are expressed as mean AE SD or n (%). ED, emergency department; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; PCI, percutaneous intervention; CABG, coronary artery bypass grafting; PVD, peripheral vascular disease; ECG, electrocardiogram; CPR, cardiopulmonary resuscitation; LBBB, left bundle branch block; cath lab, catheterization laboratory; IABP, intra-aortic balloon pump; and DRG, diagnosis-related group. a n ¼ 465.
RESULTS
STEMI accounted for 83.1% of 673 consecutive emergency catheterization lab activations (Fig. 3) . The proportion undergoing diagnostic catheterization was slightly higher in the STEMI activation group compared to indications other than STEMI (98.6% vs. 94.7%, P ¼ 0.0194) while the proportion undergoing PCI was markedly higher in the STEMI group (83.4% vs. 52.6%, P < 0.0001).
STEMI patients had lower rates of prior CABG and peripheral vascular disease compared to patients with indications other than STEMI (Table I) . Patient with indications other than STEMI were more likely to have off-hours cath lab activations, self-transportation, and left circumflex involvement as the infarct-related artery. Emergency department physicians accounted for 81.1% of cath lab activations for STEMI but only 11.7% of activations for indications other than STEMI.
Compared to historical controls, the clinical profile of STEMI patients undergoing PCI originating from the primary emergency department and in transfer (Groups A1 and A3 from Fig. 3 ) was similar (Supporting Information, Appendix). The proportion treated within 90 min increased from 28.3% to 85.3% (P < 0.0001; Table II ). There was a 10-fold increase in the treatment within 45 min and a nearly 10-fold reduction in treatment requiring >120 min (P < 0.0001). Mean infarct size, hospital length of stay, total and direct hospital costs all decreased. PCI unadjusted allcause in-hospital, 30-day, and 1 year mortality were unchanged.
For all patient types, median door-to-balloon time was 68 min with 85.7% of patients treated within 90 min (Table III) . For STEMI patients presenting to the primary emergency department (Fig. 3, Group A1) , a median door-to-balloon time less than 90 min was achieved overall and in every subgroup. Similarly, the goal of 75% of patients to be treated within 90 min was achieved except in patients with prior CABG and patients presenting without chest pain. Furthermore, all emergency PCI patient subgroups achieved a median door-to-balloon time 90 minute; nearly all achieved the goal of 75% of patients within 90 min except for STEMI transfer patients and those with STEMI in-hospital.
Compared to national averages, there were substantially lower unadjusted 30-day all-cause mortality for acute myocardial infarction and 30-day all-cause riskstandardized mortality ratios for the time periods (Fig. 4) .
DISCUSSION
Our study is the first description of a hospital-wide systems approach to achieve rapid door-to-balloon time by implementing a uniform strategy across the entire spectrum of emergency PCI. This consistent performance in door-to-balloon time was evident in patients at high risk for delayed door-to-balloon time, transfer patients, and patients requiring emergency PCI for indications other than STEMI (Fig. 5) . Important secondary benefits included a 35% reduction in myocardial infarct size, a decrease in hospital length of stay by 2 days, and a more than $7,000 reduction in total costs for the hospital admission. Most importantly, although PCI-related mortality did not change, both unadjusted and risk-adjusted mortality for all acute myocardial infarction patients at 30 days were dramatically lower than national averages. Delays in door-to-balloon time can be ascribed to either system-centered delays or patient-related reasons [12] . System-centered delays, such as delay in cath lab staff arrival, are believed to be amenable to process improvement. Patient-related reasons, such as cardiac arrest or the need for additional procedures, are believed to be appropriate justifications for delayed doorto-balloon times. However, our data indicate that virtually every patient subgroup including cardiorespiratory arrest, cardiogenic shock, and the need for additional procedures, can have PCI performed within a median door-to-balloon 90 min and even the more stringent criteria of 75% within 90 min. These findings refute the belief that delays in door-to-balloon time are inevitable in high-risk patients for patient-related reasons.
The applicability of our protocol extends beyond the focused population of patients who present to emergency departments with STEMI and underscores the heterogeneity of clinical presentations of patients needing emergency PCI (Fig. 1) . Nearly 10% of all STEMI Door-to-balloon defined (1) conventionally for primary ED patients, (2) first door-to-balloon for transfer patients, (3) activating ECG-to-balloon for 1st ECG without ST elevation, and (4) activation to balloon for emergency activations for indications other than STEMI. presentations have an initial ECG without ST-elevation [13] . The in-hospital development of STEMI is also an important source of patients needing emergency PCI with a very high mortality rate [6, 12, 14] . In fact, our study is the first study to demonstrate the ability to provide reperfusion to in-hospital STEMI within 90 min from detection. We also included patients who require emergency catheterization for reasons other than STEMI including unstable angina/non-ST-elevation myocardial infarction complicated by refractory angina, hemodynamic or electrical instability, cardiac arrest, and cardiogenic shock. Attention to all of these patients extends the focus of timely reperfusion from the emergency department STEMI populations to the broader population of all patients who require emergency catheterization and revascularization. A Michigan study revealed that the decrease in doorto-balloon time led to no improvement in PCI inhospital mortality [15] . Furthermore, at a national level, improvements in door-to-balloon time also led to no temporal improvement in PCI in-hospital or 30-day mortality [16] . Current public reporting criteria and national clinical registries allow for exclusion of patients for CPR, defibrillation, and intubation within 90 min of arrival or those with clinical reasons documented within the medical record (i.e., difficulty with access, the need for additional workup or procedures prior to PCI, or time required for patient). These allowances have led to "erosion of the denominator" of the public reporting door-to-balloon metric as the number of patients excluded for nonsystem delays has increased from 3.7% to 8.1% between the years 2005 and 2010 [2] . The potentially excluded populations account for only 18.1% of patients but 54% of deaths [4] . Similarly, in the United States CathPCI registry, in-hospital mortality for patients without reported nonsystem delays was 2.5% compared with 15.1% for those with a reported nonsystem delay [5] . As the benefits of improved door-to-balloon time are concentrated in high-risk subgroups [17] , public reporting and clinical registries should require reporting of door-to-balloon times for all patients undergoing emergency PCI.
Hospitals typically require STEMI patients to wait in the emergency department until a certain number of catheterization staff have arrived and for the catheterization lab to be ready prior to transfer [18] . Time spent within the emergency department and transferring to the catheterization lab is the largest component of door-toballoon time. Immediate transfer to an immediately available cath lab by an in-house nursing staff is one of the most effective steps to reduce door-to-balloon time. This process has now been validated by our experience, in academic medical settings, and outside the United States [8, 19, 20] . Widespread adoption clinically and within the guidelines should be strongly encouraged.
There has been considerable focus on prehospital identification of STEMI. However, only 36% of emergency PCI patients in our study were eligible for prehospital identification and treatment. Of note, selftransportation is a common mode of presentation by STEMI patients occurring approximately 50%-70% of the time-a figure which is consistently seen worldwide [21] . Thus, systems of care like ours that ensure equally rapid treatment for patients presenting via ambulance or self-transportation should be instituted.
LIMITATIONS
Although the historical and process improvement cohorts were clinically similar, baseline differences cannot be completely accounted for because of our study's nonrandomized nature. Our before and after outcome and cost comparisons (Table II) are limited to primary and transfer ED STEMI patients; data from the other emergency PCI patient populations in this study (i.e., initial ECG without ST-elevation, inhospital, and activation indications other than STEMI) were not collected during the historical time period. However, these primary and ED transfer patients did account for more than 70% of the patients treated with PCI. Our study describes a cohort of patients from 2004 to 2008; however, we believe that the system design remains relevant today particularly given ongoing challenges with rapid treatment of in-hospital and transfer STEMI. Our study reflects a single center United States experience and may not be applicable outside the United States. Our acute myocardial infarction mortality data reflect only our Medicare population. We could not analyze mortality data prior to July 2005 as it is not available from the Centers of Medicare and Medicaid Services. The start date of the public reporting mortality data (July 2005) do not identically match the start date for our process improvement (September 2005) as the two projects were performed independently. Our mortality findings were statistically and clinically significant, but the study was not primarily designed to measure mortality.
CONCLUSION
Optimal door-to-balloon times can be achieved across a hospital system by broad implementation of ED physician or cardiology one-call activation of the catheterization lab and immediate transfer protocol by an in-house nursing staff. The strategy can be further extended to patients who do not have ST-elevation on initial ECG, to in-hospital STEMI, and to patients who undergo emergency catheterization for clinical indications other than STEMI. Ultimately, this system can align improvements in door-to-balloon time with reduced myocardial infarction mortality rates. Widespread adoption of this comprehensive strategy can substantially improve the care of a broad population of patients undergoing emergency PCI worldwide.
